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LBSTHACT
’1

(Distribution Limitation Statement No. 2)

A Sttt dh S0t ot e

A method of simulatinz the effects of the static overpressure of the airblast
and the resulting aiiblast-induced ground motions associated with a miclear
blast wus developed by the Air Force Weapons Laboratory, and was designated
High Explosive Simulation Tecaniqgue (HEST). Recently, the Air Force Weapons
Laboratory has beer conducting tests to simulate the direct--induced ground
shock from a nuclear detonation and has desfgnatcd this simulation as Direct
Induced High Explosive Simulation Technique (DIHEST). Proposed construction of
new, harder weapon syetems ir rock sites made {t desirable to apply the HEST
and DIHEST methocd to simulate these environments., This report describes the
design and construction ¢f both the HANDEC I and HANDEC 1I test facilities
that were constructed in rock loci ted rear Cedar City, Utah. Design criteria
are stated, some unlque construction methods used are described, and reccmmen-
dations are made for application to future similar projects. A complete set
of design drawings and construction photographe are included. The Alr Force
conducted the tests and analvced the results. Thia phase of the project is
described in aaother AFWL techrical report and 13 not included hercin,
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SECTION 1

INTRODUCTION

The United Syatee Alr Yorce has been assigned the
reqponsibilitices for conducting simulated nuclear tests on
opu:ratlonal hardencd systems, for basic research on nuclear
weapons eflfects and for providing intormation relative to these
effaocen for use in designing future hardened systems, The
Hucluar Test Ban Treaty of August 1963 made it necessary to
develop a capability Lo slimulate nuclear weapons effects, The
Civil Ingineering Braunch ot tho Air Force Weapons Laboratory
(AFWL) reuponded with 2 program that developed the fligh Explo-

viva Sinmulation Technigque (HEST), a technique that sinulates

t
)
g
;
3
E
4
E
¢

Lho peak ntalic overproessgure of the ailrblsrt and the resulting
atrh)aut=laduced ground motionn from a nuclear detonation for
cortain overpronpsure rangod and tor certain yield weapono,
kecantly, the Air FFuice Weapons Laboratory has been conducting
gludiaey and fleld tesln to nimulate tho direct-induced ground
slock resulting fron a nuclear detonation and has designated
Lhin stmulation av Direct Induced High IExplosive Simulation
Technique (LItor),

A redlinclion ol otfort, prowpted by the development of
tuwarl , hardar utsucturau fo, a new fonily o) micgile
factlitlon ham rreulled Lu o projran Lo apply the HEST and
DIIELT techuiyue Lo a rock wite. ‘Thewu projects, designated
HANDEC T acd HANDEC 11 bevolopimeny Lxper inents, were porformed
at. a tost aruva, localed approximately 17 miles norttwest of
Cudar City, Utah, ‘The Leuting wan a conbiacd AYWL and contractor
elTut, The Ballbre [ factlity wau doulgned by AFWL while the
HALDIEC 1 daslygn wan provided by tho prlmo coontractoc, The
conlravtos petfutwmed all constiuctlion tesky, ‘The test facili-
Lien, 1lucluding Lhe coustructlon of eix teol structulcs




{research models) on HARDEC 1 and nine test structures on

HACEC 11, were ruilt to AFWL provided parameters. The test
r

T

jectives were: (1} to produce an overpressure and an air-

lag
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shock wave girmilar to thac produced by the cratering force of

w

a nuulear explosion as specified by the Air Force Weapons
Laboratoery {(AFWL) in a rock media:; (3) test the time phasing
of HEST ana DIHEST: (4) test an instrumentation sy: tem in
protective piping in a multiple ground shock environment:

(5) test anchored surface instrumentation cable pipe systems
versus cable in a trench excavation in rock, with protective
pipe that was sand enclosed and concrete capped; and (6) test
a split pipe cable protection system which was also sani en-

closed and concrete capped.

The major simulated airblast parameters were peak over-
pressure level, shock-front velocity, overpressure duration,
pulse shape and tc:al impulse, Simulated direct-induced
ground shock parameters were peak veloclity and peak transient
displacements, The HANDEC I and HANDEC II tests were firad
with a 54 and 42.5 millisecond delay respectively 1etween the
HEST and DIHEST explosions to allow the two shock waves to be
induced into the rock with timing similar to that of a spec-
ified yield nuclear explosion, The achievement of specific

- L~ ——— v e a e —_
[SRU 1 =GR O) P R W g A Y

alibLlast effect pheunomena reguired
supporting structure on rock, Earth overburden was compacted
to a specified density against the exterior concrete walls of
each test facility and over the structural steel supports of
the test facility structure. Each test facility structure was
instrumented with strain gages to verify structural design and
integrity of the facility during surcharge lcadirg, Detonating
cord was installed in the test cavity of each test facility in
specified amounts and configurations such that when detonated,

-
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a shock wave would propagate throughout the cavity at the design

velocity, The peak overpressure was contained for sufficient

4 time Ly the overburden and surcharge suppcrt structure, which

provided a reactive force to shape the resulting pulse wave

. and to lengthen 1its cduration, The LIHEST portion of the
HENDEC I test consisted of eleven holes, 9 inches in dismeter,
at 10 fe:t o.c. These holes formed a 100-foot line parallel
to and located 25 feet from the inside face of the test facility
concrete wall, Explosives for each hcle consisted of ten
40-pound ammonium nitrate cannisters in e:ch hele, located at
elevation minus 13 feet from the test facility floor and then
4 feet on center thereafter to elevation minus 49 feet, giving
a total explosive of 4400 pounds. These charges were grouted
in place by AFWL personnel, No additiconal berm was provided
over the DIHEST explosives. The DIHEST portion of the HANDEC 11

test involved placing conventional explosives in 29 holes 12 io-

3 ches in diameter and spaced on 7 feet - 2 inch centers. These

holes formed a 200-foot line parallel to and located 96 feet

. from the inside face of the test facility wall and extended

approximately 70 feet below test bed elevation. Explosive used
was lreco DBA-22M, an elumi-um ammonium nitrate slurry, A total
of 92,440 pounds of explosive was used in the 29 holes, ‘lo
reduce rock ejecta, an earth berie was c¢ongtructed €0 feot wide
by 290 feet long, in plan, directly over the 29 holeu with wside
slopes of 1 1/4 to 1. Berm height wag approximately 50 feet
above test bed elevation as shown on Figure 91l.

The end result of these tegts wag the collection of data
relating to blast and shock wave effects oun structurou,
materials and instrumerntation gages, Instrumontation in thea

form of sensors was located in and around the covity vo rucord

i the blast effects of the wave propagation through Lhe xock

material, Sensors included displacement (agew, velocity gaycu,




pressure gages, strain gages, accelerometers, and time-of-
arrival crystals, Instrumentation sensor data was trans-
mitted to a centralized trailer area and recorded for later
vanalysis by AFWL personnel., Ingtrumentation totaled approxi-
mately 600 activé channels for both tests plus passive measure-
ments as specified by the AFWL document "HANDEC I and HANDEC II
Structural Measurement List." All instrumentation for HANDEC I
and HANDEC II was designed, procured, and installed by
technicians from the Air Force'Weapons Laboratory, Special
Weapons Center and the E., H, Weng Civil Engineering Research
Facility. Drilling services for instrumentation installation
was provided by the U, S, Army Corps of Engineers, Mobile
District, Mobile, Alabama, under AFWL direction,
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DESIGHN CRITERIA

Criteria

Desiyn Services -

T-V m oo -
& LA i W

Speciffcationy

Testl Facility -
Flan Dimennion

Tesl Facilliiy -
Hedght Teut Bed
Floor to DBettom
ol Beaun

Surcharge Loading

Approximatoe lHolght

Teut lacility -
Walle

Girdern

Columna

Bracing

Docxing

bBarm Contliguration

Dovw Campaction

SLCTION Id

BANDEC T

—

hi'wl

GO ftecc wide x
40 feet long

O {cet

3000 put
100 put ~

30 foeoet

One-foot thick
reintorced
concrele

Ltructural vtecl
Lrructural stool
Liructural Stecl

Staeel - comngr-
cially available

Height of the sur-~
charyoe by 30 teet
wida a3t the top
with e8ido slcepo

of 1 toot ver-
ticsl to L 1/2
foot horizcntal

9L pmiruceut of
modlf lod MLV

- HEST - DIHEST TEST FACILITIES

HANDEC 1

Contractor

90 feet wide x
60 teet long

5 feet

2000 pof 4
100 pst

20 tcet

One-foot thick
reintoprced
concrete

Structural stecl
Structura) steel
Htructural steel

Steel - commer-
cially tvailable

Hedight of the sur-
charge by 30 fueet
wido at tho top
with ulde slopc

ot 1 foot ver-
tisal tol 1/2
foot bhorizcontal

95 purcant of
nodditlied AAIGU
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13,

14.

15,

16,
17.
18.

19,

20,

21.

22,

23,

Criteria
Bearing for

Enclosure Wall
£ Stricrtural

teel Columns

Coulurins over Test
Strucrtures

Letonating Cord

Detonating Cord
Mount ing

Peak Overpressure
Weaponu £imulated
Weave Angle

Detonating Cord
(Approximately)

Number of Layers of
Racks Installed
in the Cavity

Planewave Generator
Fenetraticns in
Concrete Wall

Instrumentation
Plan

Trenching Plan

HANDEC I

Rock test bed

Oon:it nuts on
4

! W
2nCchigy CCails

Government-
furnished

400 grain per
foot

Wood racks

6000 psi
10 megaton
53°

340,000 feet

AFWL

AFWL

HANDEC II

Rock tesc bed

Omit nuts on
anctior bolis

Government-
furnished

400 grain per
fcot

Wood racks

3000 psi
1.5 megaton
36°

380,000 feet

12

Frovided by AFWL

to the contractor
for inclusion in

the final design

plans at the time
of initiation of

design

Provided by AFWL
to the contractor
for inclusion in
the final design
plans at the time

3 . . S - P <
[o34 iﬂltla»;uu v

design
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Criteria

24, Cable Protection
System

N
(8]
)

Metal Storage
Building

26. Secondary Elec-
trical System

HANDEC I

AFWL

None

Performéd»by
AFWL

HANDEC 1

Provided by AFWL

to the contractor
for inclusion in

+he final design

plans at the time
of initiation of

design

40 feet by 100
feet metal
storage building
with interior
lighting and
doors at each end

Secondary distri-
bution system
for electrical
power to supply
all instrumenta-
tion trailer and
utility require-
ments

Extension of
electrical 208
and/or 120 vyxms
power from he
pain power panel
to five =awublyinyg
areas
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HAKRDEC 1 DESLGN PHILOSOPHY

)
Because 'of the teuporary nature of this facility, the
following design criterie were used f£or the HANDEC I test .
facility designecd by the Air Force Weapons Laboratory, Civil
Engineering Branch, Kirtlaud Air Force Base, New Mexico,
(1) Plastic design for steel beams with a leoad factor
of 1.25,
(2) Elastic desiga for columns.
(3) Ultimate strength design for reinforced concrete
with a load factor of 1,0,
(4) Ciistic design for steel deck and subdeck,
All vertical and lateral loads were assumed to e uniform
cver and around the entire structure, 'Y

Footings were not required under columns because the
bearing capacity cf the rock was adequate to support the loads,
Columns were dry~packed on the rock base, Lateral coliumn
support was obtained by anchor bolts drilled ard grouted
directly iuto the rock as shown on Figure 72, Base plate
thickness required by design was 1 3/8 of an inch, Column

pound columns,

Beam design leagths were based on a 4-span condition
(31 feet - 0 inch). $Splice points were locuted over columns,
Beam Gesign required fourtcen wide flange 3C pound beams, as
shown on Filgure 7.,

Cubdecking was supported on the lower flanges of the
beains Lo provide » simooth celling in the cavity, ‘I'wenty-four
gage corruform was used As shown by Figure 72, LFourteen inches

ey ye— . r—— gy o ey ——




of earth £fill was then placed over the subdecking to permit
welding structural decking to the structural steel frame,

Roofdeck design was basecd on a minimum deck length of
12 feet (3 span lengths), Elastic analysis was used for

design,

Perimeter wall construction was reinfurced concrete and
designed to support lateral loads, Walls spanhned vertically
from the test bed floor to a bond beam at the top as shown
on Figure 72, The lateral reaction at the bottom of the
wall was resisted by friction and the No, 9 dowels on 3-foot
centers drilled into the rock as shown on Figure 72,

O



HANDEC II DESIGN PHILOSOPHEY

Because of the temporary nature of this facility, con-
servatism in design was not desired, The requirement was to
design a structure that would be just adequate to support the
imposed loads with a reasonable factor of safety against
failure, The statemwent of work specified design would be by
the plastic analysis method and that desigan in accordance

with standard building codes was not required,

The following design criteria were used for the HANDEC II
test facility:

(1) Plastic design for steel beams with a load factor
of 1.25.

(2) Elastic cesign for columus,

(3) Ultimate strength design for rei.forced concrete
with a load factor of 1.0,

(4) Elastic design foi steel deck and subdeck,

(5) A 25 percent increase over the allowable AISC values
for high strength bolted conrnections and a 50
percent increase over the allowable uniform building

code values for shear cnh anchor bolts.

All vertical and laterail locads were assumed to be uniform
over and around the entire structure, Unbalanced vertical
loads were not considered. The plastic analysis of continuous
beams does not regquire the usual '"checkerboard" loading of
spans, since the load-carrying capacity of any one span is not

a fvnction of the load on acdjacent spans,

To expedite erection, one-bolt connections were used on
double angle struts as shown on Figure 92, The roofdeck was
welded to the steel beams by the "MIG Inert Semi-Automatic
process" employing the "burn-througn'” method, A1l structural

steal connections were bolted to minimize field welding,



Footings were not required under columns because the
bearing capacity of the rock was sufficient to support the
loads imposed, Therefore, columns were dry-packed directly
to the rock flcor, These columns were supported laterally by
anchor bolts drilled and grouted directly into the rock,

Base plate thickness required by design was much less
than that used, based on an allowable rock bearing pressure
of 10,000 psi, In the exercise of encgineering judgment,
however, a minimum thickness of three-quarters of an inch was
used based on a maximum bending stress of 36,000 pounds per

square inch; the yield stress of A-36 steel.

Column design was most economical when based on the
elastic method because the unsupported column length was so
small, Plastic design would have required a thicker flange
than elastic design because of the flange width-to-thickness
‘fequirements of plastic design which should be equal o or less
than 17, Actual flange width to thizkness used with e astic
design was 22, Because the test bed floor was not level, a
survey was required to determine the floor elevation at each

column location.

Beam design lengths were based on a 4~span condition
(30 feet - 0 inch). Splice poiunts were located over colw.ans
in order to avoid complicated moment connections., Strut action
was relatively small and did not reduce the plastic moment
capacity of the section, Also, the two-bolt connection at the
splice was sufficient to traunsfer the lateral load through the
cap plate (see Figure 92):; therefore, beam continuity was not
raquired, Compression flanges were supported laterally at
plastic moment locatiens by the roofdeck at mid-span, and by
the deouble angle struts and stiffeners at the columns, Beam

stiffeners at the columns were required in plastic design

[
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because the section proposed fell just short of the flange
width to thickness requirements, Howevar, the heam stiffeners
did serve other functions, such as transferring the double
angle strut load and preventing lateral team roll when placing
f1ill over the subdeck and surcharge over the dacking., The
plastic failure mechanism in this design analysis is the
development of plastic hinges at the first interior support

and at a distance of 3,41 feet from the end support. Maximum
shear occurs at the exterior side of the first interior support
as shown on Figure 1, At this location, the web shear capa-
city cf the unreinforced section is reached prior to the full
development of both piastic hinges, Neglecting the web

doubler plates (stiffeners) at the supports, the factor of
safety in shear would have been only l.14, It was decided that
this wag too low and the section was reinforced at these criti-
cal shear locations by web doublers as shown on Figure 92,
This increased the factor of safety to a desired 1,25,

The subdeck was supported on the lower flanges of the
beams to provide a flush smooth ceiling in the cavity and to
provide support for the earth f£ill shielding the HEST explo-
sive from welding operations on the structural deck, No
connections were provided at supports, as shown by Figure 22,
Ten-inch earth £ill was then added and proved adeguate pro-~
tection for the detonating cord underneath during the welding
of the roofdeck to the structural steel beams,

Roofdeck design was based on & minimun deck length of
5-spans or 20 feet, Flastic analysis indicated that web
crippling at supports was the governing factor in design,
Design in this area was according te the AISI, +ith the allowa~
ble kanding stress equal to the yield stress of th2 materizal,

[
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Double angle struts were used to simplify the end connec-
tions (one high-~strength bolt in double shear}. Although

one-bolt connections are normally avoided, it was considered ‘.
justified because of the temporary nature of the structure,
ALl high-strength bolits were designed as fricticu type to )

eliminate cumulative tolerances so that rigid lateral support
was attained for the inflexible concrete perimeter wall as
shown on Figure 92,

A reinforced concrete perimeter wall l-foot thick was
more than adequate to support lateral loads. Reinforcing was
kept to a minimum by using ultimate strength design, The
walls spauned vertically from the test bed floor to a wond
beam at the top, which was supported lateraliy at the north
and south by the main steel beams, and at the east and west
by the double angle struts as shown on Figure 89, The lateral
reaction at the bottom of the wall was resisted by friction
and No, 7 dowels spaced on 3-foot centers drilled into the rock

as shown on Figure 92,
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SECTION IV ’ i

HANDEC I

Drawings and specifications were provided by AUWL for
a test facility conforming to the following criteria ard
reguirements;

1. The test bed consisted of a cavity 60 feet wide by

40 feet long with an interior height of © feet from the test
bed floor to the hottom cf support beams and subdecking,

2. The structure was required to support 30 feect of
earth surcharge at 100 pounds per cubic foot, and was designed
for a total load of 3000 pounds per square foot, Lateral loads
were based cn an active earth pressure of 40 poundo per cubic

foot equivalent fluid pressure,.

3. The test facility was designed with & l-foot-thick

reinforced concrete perimeter wall, steel beams, columns,

AT

bracing, roofdeck and subdeck, The corners of the perimeter

walls were rounded to a 6-foot radius.,

4, Surcharge and beim configuration were as shown on
the drawings, (See Appendix III1),

5. The cavity was filled with approximately 340,000
feat of 400 agrain per foot detonating cord, The detonating
cord ‘Government-furnished) was wrapped on wood rackus at the
specified weave angle of 53 degrees and installed in the
cavity in nine layers. Drawings included rack and installation
details, The perimeter wall and earth berm had eight l-inch
diameter plastic pipe penetrationg for a planewave generator

as shown on Figures 72 and 76.




6, Two surcharge dispersal cannisters were used, Charges
were Government-furnished and Government-installed ammonium
nitrate cannisters, ’

7. The instrumentation locations were incorporated into
the final design drawings, All instrumentation was procured
and installed by AFWL/WLCD and AFSWC technicians and the
E. H. Wang Civil Engineering Research Facility.

8., A trenching plan and cable protective system was
provided,

9, An area excavation plan showing existing grades and
rock elevations on a 4 foot by 7 feet -~ 6 inches grid was

provided,

10. An area excavation plan for the test structures and

their dimensions within the test bed was provided,

11, Plans were provided for additional bays for the

“instrumentation trailer protective structure,

12, Preliminary and final specifications were prepared

in normal construction specification format.



HANDEC 11

1. ‘1he test bed consisted of a cavity 90 feet wide by
L) feet louyg with an intarior height of 5 feet from the test

bed Llour Lo Lhe Lolioin ©f support beamg,

2. The overprcecasure support structure was required to
gupport 20 tect of cavth surcharge at 100 pounds per cubie
fool, and wag designed for a total louad of 2100 pounds per
square foot. Lateral loads were bhased on an active earth

prossure ol 40 pounds per cublc foot equivalent fluad pressure,

3. The teut facility was designed with l-foot--thick
rainforced concrole perimoter wall, steel beams, columns,
Lracing, roofdeck and subdeck, The corners of the perimeter

wallu were rounded to a 6-foot radius,

1. Surcharge and bairm configuration for the HEST and
DIHEST ware ag zhown on the drawlngs, (See Appendix IV),

Y. Tho cavity wap tilled with approximately 380,000 feet
of 400 grain per foot detonating cord, 7The detonating cord
(Government-furuished) was wrapped ou wood racks at a gpecified
weave angle of 36 deyrees and ingralled in the cavity in five
layeru, Drawings dnciuded rack and jnstallation details, The
perineter well andg earth berw had twelve l-inch diameter

plawtic plpe penetrations for the planewave geuerator,

v, Threc surchasge dispersal cannicters were used,
Charges were Government-turnished, Goverument-iustalled

atnwonium nitrate cannisteru.

7. Tho instrumentacion locatious provided by AFWL were
incorporawed dntu the final design drawings, All instrumenta-
tion was procured and lustolled by technicians from AFWL, AFSWC
and the L. U, Wang Civil Enginceriny hegearcn Facility,
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8, A trenching plan aud cable protective system was
provided for both surface and buried pipe.

9. A test bed plan showing existing natural grades and

rock elevaticns on a 15 by 15 foot grid was provided,

10. An area excavation plan showing dimensions of the

test structures within the tcst bed was provided,

11, Preliminary anda final specifications were prepared

in normal construction specification format,

12, A pre-fabricated metal storage building 49 feet by
100 feet with interior lichting was designed,

13, A& secondary electrical distribution system was
designed for electrical power to supply all instrumentation

trailer and utility requirements,

14, Extension of electrical service provided by AFW.
on HAMNDEC 1 was designed for five outlying areas: (1) con-
struction yard, (2) location of test bed construction for
both tests, (3) explosive storage area, (4) detconating cord
wrapping area, {5) the pre-fabricated metal storage building.

15, Flooad iighting was designed for the following

locations an the number indicatea:
a, Trailer Shelter - 4 each (permanent),
b. Explosive Storage Area - 4 each (permanent),
c. Detonating Cord Wrapping Area - 2 each (permanent),
d, Test Facility - 4 each (portable).
e. Pre-Fab Storage Building - 1 each (permanent),

Flocd lights were furnished by the Government,

18




16, Lightning protective systems for the followiné

areas were designed as shown on Figure 105,
a, HANDEC I Test Area,
b, HANDEC II Test Area.
c., Detonating Cord Rack Storage Area,

d. Explosive Storage Area.

]
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SECTION V i
CONSTRUCTION TASKS PERFORMED FOR HANDEC 1 AND 11 i

The coutractor provided all plant, labor, eguipaent, and

3
materials (except those stipulated as Government-furnished) .
to perfoim the followinjy conutruction t.ake:
1., Grading and excavation as required for the teat beds, 1
2. Furnishing all gtructural materialu and the can-
struction of the test focilitlus dn accordance with the

drawings shown in Appendices 111 and 1V,

-

2, Placing the surcharyo on, &rnd Lulldiay toe barus
around, thne tent facilitiee.

4., Furnishing and fnptailling Lhe plaatic irrigation piven
through the wall and “he term for protuction leaun o the
planewave generxator,

5. Furnishiuyg all waterdaln and constructing tho exploslve

rucks, wrapping the deteuat iy cutu om tho racks aud dnugtalliag
the wrapped rackyg 1otou Ly %ant, facilition,

6., Furalshing all retaecdal and aonstracting an explosive
rack support smyoten,

7. Excavating 3-0390 Ve Sualiwmentation Leol s Ltrouches

in the test Lo as detallel 0o Lha drawinga,

A, Locating thw tyeqgoligs and et wtrucharon Jo the test
beds tor the Govarnumut« wralnbed and cperatea il sige,

9. Purneebdug ALl noterlede snd conptructiug Lhe AFWI
instrunectation cabile prataciden syatem 88 dotalled on Lne
dasign duiuwlinygu,

10, Hewoving abd 1ok tatarinl Drom Lienchey end Losl

dtructurey ap ghowte o Lhu dendyn diawdugn exuepl Lhe unudned
®1lo on JANLIG L, '

40
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11, Furnishiug all material and constructing the
Tesszarch test mcodel supports and tb

e test structures in
n

ccordance vithh the des

W

gn drawings and specifications.,

12, Filling of a2ll instiumentation cable trenches with
a 15 tc 18 inch sard cushion in the trench bottem ang prvo-

viding a 3000 psi ccnrcrete cap to the level of the test bed,

13, Constructing a & pay instrumenteticn trailer shelter

and berm,

14, Constructing a 40 foot by 100 foov pre-fabricated
storage lhuilding.

15, Furnishing all material and fabrircating four sheet-

metal tavgets.

16, Furnishing ail material and coustructing four iight-
ning protective systems, one at both test facilities, orne

at the explocives area, and one at the rack storage area.

17, Constructing an explosive storage bunker in acoorde-
ance with AFWL drawincs,

8. Jrading, wompacting and constructing necessary
sirainage of local access roads to all storage, construction
and work areas, The tcu:al length of 2ll access roads was to
be approximately L0,000 feet accordiag tc the statersnt of
woick,

19, Furnishing all necassary snow removal of all roads

within the AFWL test site during the term of the contract.

20. Constructing the secondary wistribution svstem for
electrical power needed to suprly all instrumentation trailer

and utiiity requirements,

21, Hooking up and phasing of the instrunentation

trailers with the isolataion transformers,
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22, Excenaing electzical power 208 and/or 120 vrns

vom I e et an - U
nalin PUVEr 9an » five Outlyinyg areas,

o
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23, Fuvrnishing all material and labcr to Jnstall light-

Iy in the pre~fabprlcated buildiag,

24, TIrcatalling all flond lights in accerdance with the

Btatemant or work,

25, PRennvating the test site after the completion of
tach test, Sit2 renovation included the fcllowing:

a, Remwval of the surcharge and debris from
the entire test beaq,

b, Removal ot 125 linear feet of concrete cap
from the cable protective trenches on the
HANDET II test bed,

26, Furnishing all lobor and eguipment for removal of
all debris fror Loth test sites, ’

<7, Removing a.l test closurey from HANDEC I and
HAWDEC TI for AFWL inapection,

28, Furnisaing and instatling a four-strand barbed wire

#ance around both test beds afrer the test event,

2¢, Froviding ell necessary office facilities ail the

--Yest site for contractor personnel in mobile vans,

20, Froviding chewical toliets aud drinking water for
&4r Force and counstruction personnel. '
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SECTION VI r

CONSTRUCTION METHODS

The following is & listing aud description of some of ;
the unique construction procedures employed by the cortractor
to expedite construction and maintain the tight schedule,
Throughout. the entire pro‘ect, time was economizea and in
some instances, productio.n line methods were devised to actieve

uniformity in construction and to minimize human error,

L, DETONATING CORD CUTTING AND SEALING

Detcnating cords were cut three :t a tire with a paper

shear and ther the cut ends were Jipped into hot wax

to seal them, This eliminated placing caps »n or taping
the ends of cord,

T T R

2. DETONATING CORD RACK FABRICATION

;

. ~__All detonating cord rack members were cut to length and é
spacing blocks were stapled thereon in the contractor's 4

. shop in Cedar City. This enakled work to be performed é
° inside during inclement winter weather conditions, Racks ‘é

were then delivered to the job site for assembly, wrap-
ping and final installation into the test bed,

3.  DETONATING CORD RACK ASSEMBLY AND INSTALLATION

;}Efter redividual racks were wrappsad witn detvnating cordg,

R T T W

they wers placed on wooden suppoxt racks to make up

]

aszsemblies nof the reqguired number of layers, Oace this

opnration wags complete, all vertical ties were made betveen

e e ———
T ID R 1o

‘ e racks and tie planewave generator distributic. panels were
© . gonnected, leaving ouly the torizonta) ties tc be made

P

.insice the test bed, Rack assemblies were then transported

« 7. ko the test faciiity with a forklift and lowered into _ {
i
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6.

TRENCE EXCAVATION

position with a crane, However, with this method, steel
beans cannot be placed until detonating cord is placed

......... Ye
PLACEMENT OF SUBDECK FILIL

Subdeck 11l was placeu with & craae and ruckel, This
was possaible since the plan dimensions of both the HANDEC
1 and HANDEC II test bedu were relatively small,

ROOFDECK WELDING

All of the roofdeck was welded to the support beums by

the "M1G Inert Gas Welding"” process, This ie » machine
welding process whereby puddle welding is autcmatically
achieved with a welding "gun," A preset timer iusures
uniform welds, The "burn-thru” method wes employed, which
allows welding in any location because tests couducted on
the ROCKTEST I project demonstraied thet pre~punched holes
are unnecessary. This proceas has proved asatisfactory
because bcih fabrication costs and welding time ware

minimized, Sectizns cnt throuzh vest welds showed complete
penetraticn using this technique cn the ROCITEST I project,

Numerous tests were conducted to determine the hest nmethod

for blasting instrumentati. trenches., After experimenta-
tion at the Cedar City tes. site, tha contractor found that S
~

400 grain detonating cord 2ce

[ode) =
= L2y Si-pe 51

in z 3/4 iuch holes on 1 ;;~; "
foot centers each side of rrenches preoduced the best method
for trench excavation, (Corps of Enginzers drilled the ;
centerline of these trenches with 6-iach relief holes, side ’ - f

by side,) See I'igure 2. e . j
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BACKPACKED SILO

Altnough only one steel liner was shown on the drawings,
the contractor provided a steal shell ot Yoth sides of
the reinforced concrete wall for the lined backpacked
silo as shown on Figure 51. Reinforcing steel was placed
on the inner liner and then the outside shell was placed
and the concrete poured, The entire silo was then lifted
into the rock cavity by use of a crane and backpacking
material was applied between rock and outer steel shell.
CERF personnel applied a low density foam concrete back-
packing material as shown on Figures 55 and 58, between
the outer steel liner and the rock,

26
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SECTION VII

CONSTRUCTION PROBLEMS

Following is a surmary listing of problems encountered
during construction and a description of the solutions that

were applied.

1. The cable protection trenches had to be left open
until nearly the end of construction period because of
instrumentation. This delay caused the construction con-
tractor to hang steel columns to the beams support2d by the
walls in order to locate anchor bolt positions so that holes
for base plates could be located and drilled, Beams then hnad
to be removed in order to place detonating cord rack assemblies
after fabrication, Detonating cord racks were then placed ard

subsequently the structural steel was reset,

2, The HANDEC II lined and lired-backpacked silos were
. line drilled around their perimeter with & inch holes. The

PETTVUTY. S VNS S

initial drilling for the lined silo provided toc small a

-k

diameter at the bottorn of the silo because the Covernment-pro-
vided drill holes (drilled by COE) deviated from true vertical
with depth, (See Figures 45 and 46.) This silo had to be
eniarged bv chipping with pavement breakers and drilling and
shooting with 400 grain detonating cord. This problem can

be avuided by drill

S
the silo (Cal:x Method).

T

with 3 core barrel the =ame diameter as ¥

3 n
-td

3. Due tc¢ safety requirements, the detonating cord racks
for HANDEC II had to be moved and relocated because of the

proximity of the HANDEC I test to the rack stcrage ariea.

‘.
i
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4, Lxtreme difficulty was experiencea on HANCEC I in
fitting the detcnating cord racke and rack suppo ts between
columns and into the cavity. 7“he explosive density necessary
to obtain the pressures desired from the test, coupled with
sympathetic detonation minimum separation requirements, made
the HANDEC I design approacn the iimit for detonating cord density
attainable in a HEST facility., If higher pressures and other
sinulation effects ot nauclear weapons are desired in the future,
alternate methods to replace atmospheric detonation of detona-

ting cord will have to be developsd to meet these requirements,

S, Problems developed on the HANDEC II structures
which were fabiicated for the contractor by American Bridqge,
Silo closure bearing rings were not level and several model
structures had the top bearing ring spliced and welded in
violation of the design drawings, AFWL HANDEC II drawings,
however, did not specify the tearing surface toleranc.:s which
were desirecd, (See Figures 47 and 48.,) This had not been spe-
cified before on the ROCKTEST 1 test and satisfactory structures
were obtained, The contractor, throuqgh AFWL, returned these
structures and models to American Bridge for cerrection, This
problem delayed instrumentation installation and the contractor
while American Bridge made the necessary corrections to these

structures,

6. Detonating cord rack supports for HANDEC I (see
Figure 75) were redesigned by the contractor for better
structural support, Dowels and 2 by ¢ iuch lumber were elimi-
nated, thereby requiring fewer pilece parts and less lakor
during assembly, (See Figure 3,) '

28

il i




_
m
!
.

TR NP . .. .. ..

x
" r!f. mie WL A ePot T

1 JH4dNVH 203 3aoddng yoey Ted1dAl ‘¢ 2in3yy

M3IA ON3

o e e VA

I 1 T -+ ﬂ . J
s\\!W
/r | YIGNNN NOVY
L | -~ Y — - .
X T . ~
I L \\F I T -
NoVE 40 H3GW3IN ,
CSONI dAL X018 wz/l 2 H3BNNN {OVY
t L 4- T - T 4
aw b T
NJVY 40 HLQIM SSOHJY 30vdS 03 S
dAL doong wig/L  / .
MIvY ONOTY “INOD
‘dAL N3O1@ wiZ X w2

79

AW i A @




W

7. Trouole was experienced on site with the three wire
number 4-0 aluminum direct burial insulation cable providing
480 volt electrical service to the outlying construction
areas, Ti.ese cables were installed under the HANDEC I portiocn
of the electrical work, Power was lost directly to ground and
the contraccor burned out numerous small power tools due to

lack of sufficient power.

8, Although not a construction problem as such, on test
event day during removal of vehicles and construction equip-
ment in preparation for the HANDEC II test event, a COE rig
drove into the primary pouwer supply downing cne wire and
knocking out power to instrumentation trailers and site at
T - 2 1/2 hours. This caused a four hour delay in the test
and the countdown had to be restarted., This delayed the
contractor from returning construction equipment and crews
until the next day,

9., The contractor was delayed by the Government for
the following reascas:

a, AFWL was conducting a series of sixteen
experiments named '"Merry-Go-Round II" on site
to determine the follnwing:

(1) Exact type of explosive to be used for
the DIHEST portion of HANDEC I and
HANDEC 11 tests,

{9
~-

Dyinawmic shock propagation chzracrteristics
of the in situ rock,

 ~

(3) Effects of various explosiva-to-rock
coupling techiiques on free field stress
wave forms generated in this type rock,

(4) Instrumentation function in this rock
under shock loading,

3G




These sixteen experiments, conducted in thirty days,
caused the contractor delays because construction equipment
and personnel had to be mo'ed for safety requirements during

these tests,

L, Once an explosive had been chosen, AFWL conducted
the DATEX I Experinent to glve further informa-
tion reeded for the HANDEC I test,

c, After completion of the HANDEC I test, AFWL
conducted DATEX II to provide data necessary
for the HANDEC XI DIHEST requldrements,

d, Instrumentation procurement and installation
delayed the contractor from meeting the schedule
originally reguired by the statement of work,
The contractor had to told his construction
perscnnel on a standby basis to complete the
project,

10, During construction of the HANDEC II diST facility
structure, a fabrication error occurred, Design drawings
specified beams to be spliced at 30 feet - 0 inch o.c.
Structural steel beams were delivered to the test sifte in
46 feet - 0 inch lengths, A structural design check by AFaL
personnel revealed that greater structural continuity would be
obtained with the longer beams and anly one gplice poiut at the
center line of the structure, Web doubler plates were welded

to the beam webs at the first interior support each side of '

the splice to tuke the critical shear locads., This avoided
returning the structural steel to the fabricator for correctien

and prevented loss of construction time,

gt



SECTION VIIX

CONCLUSIONS AND RECOMME’/D&TLINS

Based on the problems encountered ang «xrarienie: gainad
on this prcject, the following concluslons sud revpmr@ndations
are made for application to similar preoizcte that nay bhe
undertaken in the future, '

1., Structural Concept Study

If HEST and DIHEST testing is tu be contimuwst i the future
over incfeasing larger areas, it is recommendsd thai stxuctursl
design concepts and trade-off studies be perforn:d to determine
the optimum and most economical structural frawriug system for
these facilities coapatible with new explosive technigues which
may be cdeveloped for future HEST and DIHEST projects, For
example, an alternate framing method would be t: pour high-early
strength concrete directly over the subdecking now used, thereby
eliminating the steel strut angles between beams and their high
strength bolted connections plus the cost of the structural
steel decking, Additional savings from use of this technique
would be realized from labor saved by steel erection, the
elimination of earth fill between both decks and the installa-
tion and welding of the structural deck now used to brace the
steel beams and support the surcharge, These savings coupled
with the fact that ccmpetent, efficient iron workers are scarce
in remote test site areas should prove to be a significant

cost saving tc the governmentc,

Unlike design of structures to resist usual loads, wherein
most design stresses remain well under the yield point of
materials, economy in design of HEST-DIHEST facilities diccates
that they sustain as much deformation as can be allowed witnin
their akility to perform the function of a "temporary structur=”
in accordance with Air Force Design Manual 88-3, utilizing

plastic or ultimate strength desiyn methods,
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Other building eaterials and construction methods should
ke studied to obtain an ideal structural module, in an attempt

to eliminate some of the mauy columns aad boams now reguired

 for these siructures, Composite design and precast, prestressed

eand reinforced concrete construction shculi be investigated.
Construction cost estimates should be included with this stuway,
Once such a study has heenu conpleted and several alternate
concepts have been selected, actual field !nading of these
facilities to failure should be conducted to further correlate
design with failure modes, This will enable the structural
designer to verifv ultimate locad, determine the mod: ct failure
and provide a suitable safety factor for much larger ‘urure

facilities,

2., Test Site Survey

The entire test site sbould be surveyed by a competent
ra2gistered civil engineer or licensed land surveyor prior to
Qny work on the test sice, Depending on site location and
local te;}ain, clearing the test site of trees and brush might
be the initial consideration. CI:rawings at a suitable scale
should be provided to show the following:

a. Limits of government property or test site,
b, Existing natural contours at 5-foot intervals.

C. Location of test bed giving rock and soil elevatioas
at a specified grid.

d. Location of existing bench marks,

e, Provision and location of additional markers which
cannot be destroyed by construction eguipnent or

the test event, ' : .




Once this survey is completed the entire test site should
be planned for:

a, Necessary roads

b, Contractor construction yard
c. Soil borrow location

d, Water storage

e, Temporary structures

f. Parking area

g. Trailer area

h, Material storage area

i. Lighting and power poles

J.  OSecurity

Expinsive storage area

- A
[ )

. Explosive buildingé

m, Detonating cnrd storage area

n, Instrumentation protective trailer structure

0. Metal bunkers for instrumentation

P. Concrete batch plant

q. Corps of Engineers construction yard if zpplicable
r, Camera towers

s, Lightning protection

3. Portable Materials Testing Laboratory

An agency of the Air Force should - e N

modern portable materials testing laboratory and train or

future governmental projects of thisz nature, Such & facility



would enable the government to verify quickly the comrpllance
with specification of building materials as they arrive on a
test site, Test data delays could be avoided by early action
should a prcduct not conform to the requirements of the design
specifications., This portable laboratory should ccntain a
conplete set of Military Standard specifications and ASTM
specifications, The lakoratory should be capable nf ftesting
concrete, structural steel, reinfording steel, steel decking,
bolts, high strength bolts, inserts,>etc. Thne Air Force
testing agency should then provide the contractor and necessary
Ajr Force personrel with a writtenireport within twenty~four
hours containing the results of the tests performed, and their
conpliance with job specificatioms,

4, . Camera Tower

¢f
1)

21724

One camera tower and the high speec came.uas inc
.thereon, located 46Q feet from the HANLCEC 17 test b
sevevely damaged and bkrought down by the HANDEC II test event
flying debris and ground shock, The high speed cameras (1500
frames per second) were located at this range in order to
photograph the one-inch line markers on the targets placed

™

, was

atop the surcharge during the test, See Figure 93, Damage to
the cameras and their protective cases was estimated at
$7,000.00, The tower was a rented type scaffolding, guyed by
wire, at several locations, Although the cameras were damaged,

the necessary photography was obtained from the test.

The AFWL should investigate the use of wider markers on
these targets in order to locate camera towers at a greater
distance on future tests to avoid additional costs to the
government, provided all technical data requirements can still

be obtained,



3. Drilling Sevvices

Several te:t facilities have been constr :.cted in 100K
sites and trouble has been experienced on eacnh project with
government #:rill crews being uunable to drill within dimensious
and tolerances recuired by plans and specifications., Therefore,
it is recomrended to avoid recurrence of this same problem cn
future projects, thet a stuuy and test drilling and excavation
program ke conducted by a ccnsulting engineer, ontiactor, oOr
the gcvernment to compare drilling methods, drilling tolerances;
. an¢ excavation techaiques, time and costs with those now being
used,

6, Electricel Power

Direct burial cable to the HANDEC I test bed and cutiying
areas as shown on Figures 65 and 86 gave unsatisfactory power
at theae¢ lecations, The combination of wire aizr used for the
dlstancee requared with the direct burial of fne wire gaves
excesoive electrical loss directly to grouni, It &8s thereiore
1ecommenced for future tests & licensed profaasional cleutrical
engineer provide all electrical design and -hat all electrical
wire be placed in either Rigid Steel Conduir neseting Federal
Specification WW-C-581 or Plastilc (PUC) Conduit Federal
Speciftication W--C-1094,

7., Sheop iuspection

The coeponsible Alr lorce oryganization or deuwlgn azancy
phould provide shop inupect.ion by quaiified ingpecticn
pernsunnel Juriay bhe fabsfcation phase of Lhe Structidal etacl
aud gteel deckluy %o sswsure confo.mance with Adeelgu urswirgo,
ppvclfications aud appreved s#hop arowingd, Thiu will alue

guarautas that slewl wupplicre mewv Lhelir dyiivery schedulas,

.
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3 8, Instrumentation Cable Protective Svstem

ol il

: Three types of instrumentation cable protective systems ]
) were tested on the HARDEC I and HiNDEC II tests, They were :
as follows: i
a, <cchedule 80 steel pipe, placred 2n z rock trench, )
sauu e€nclosed and concrete capped ag showh on
typical treunctring section Figure S€, é
b, Schedule B0 steel plpe, surface anchored tc the :
rock with steel .trags at 2 feet - 0 inch o.,c, as :
. shown by detail 1 ia Figure 96, i
... ¥chedules 80U stee! pipe, split half with steel flanges %

" 'wzlded to the pipe at 2-foot intarvals ror bolting
the two pleces of pipe with 3/2 inch belts after the

S5 0 instiunentation czble nad been iLnstalled, This
_ eystemr avvids threading the steel pipe over the instru-~
. . nentat.ion wire b:adles, s reguired by a. and b, above,

f,g; ;; Tae AFWL technical vepor* on cest results should evaluate
-dnstrumeatation results wvaiug these three protective systerms
to cdeterinine which system should be vied for future HEST-DIREST

‘tesving to provide the greatest cnet saving to the Jovernmznt,

Future HEST-DIUEST “eats3 ghould dewsign and test. other mechods
such cey
a, Shalloy Lrmncn with resvnfocced concrete cover alab,
Y. Plait sand hurial,
¢, 4hallow tranch, conerete ancased and reinforced,
“d, Yoble encesed in Lod duhbity foam concreta.
@. Vastwur Lypus ol cubiue vith sore of the yhove-mgntioned
deulgn COuCwptu, '

37

'A..unu.m [ VYR A sl b sbamete A PO

LI PRV RN T TV RS Isly VOPRT SR e S 8 S . .k ah ;4 o Sy



9. As-Built Drawinas

Minor instrumentation changes were miade jusi prior tc
loaaing the test pits with detorating cord, Since these

P e N e e - - ~&
Cnedes 4r€ Ok

a4
()]

o~
[

-

~ simnAnlra ~
LSRRI R W Sy a

I letelio aft
Wi e

o or fact+ ocuvant
00 ~OoL LEeS . event,

eu forge or
it is recomrended thatv future statements of work for similar
tests provide for naking as-built drawings to reflect late

instrumentation, research structure or struvctural changes to

provide the Government with a permanent construction reccrd.
10, Schedule

The HANDEC I test event was originally scheduled to take
place 100 days after contract award and the HANDEC 11 test
was to be conducted 150 days after contract award., Deiays
were enccuntered on Xoth tests Gu2 to no faulit of the coanstruc-
tion contractor, Because of technicai requirements, an entire
series of twenty tests (including dANDEC I and I1) had to he
corducted in a very small area (less than 1000 feet diameter).
All of the above testing Fad an impact on the orig#nal state-
ment of work, Other delays encountered were in instrumenta-

tion procurement (since these are long lead time items) and

iustalletion of instrumentation in structures and reseerch

mocels, Still another fictor which had some impact on the
scneaule was that during construction of these projects, the
contracror was contracted to clean the ROCKTEST Il test bed

for vigual luspection and photographic coverage vy the Alr Force
from work performec by a previous AFW[L contractor, AFWL then
cont.rac~ted witih the contractor to lower the ROCKTEST Il test
ved Lpprorimately seven feel ain 8n dttempt to obtain a more
lovel teot bad for une surcharge support structure, All of the
above Ltems delayed tne construction contractor., HANDEC I was
compluted in 146 dayn atter contract awaxd and HANDEC I
required 212 daye Lo conpletn, Vhorefore, HAIDEC 1 required

3
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] an additional 56 days, and HANDEC II required an additional

62 days. Considering the number of tests performed by AFWL in
such a short period of time, it appears that the delays en-
cocuntered were justifiable since much of the construction was

performed in the winter months during inclement weacher,
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RESUME OF BI-WEEKLY PROGRESS LETTERS

During the contractual period of performance, ti-weekly

P

progress letters were submitted to the AFWL Project Office

: and AFSWC Procurement Division by the contractor. These
reports provided a summary of the project status with respect
tc schedule, problem areas, trips. meetings, conferences &nd
3 program funding,

The contents of each of the bi-weekly letters are
summarized below to provide a chronological account of the

major events occurring during the performance of this project,

i If mor: detailed information is desired, reference should be
made to the specific progress let.er for the period concerned,

1. FIRST BI-WEEKLY PROGRESS LETTER (January 15, 1269 to
January 24, 1969)

a, Contractor Design Services for HANDEC II

Preliminary design, calculaticns, drawings and speci-

ficatione were in progress for HANDEC II in accordance with
the statement of work,

b, Contractor Construction Services for HANDEC I and II

e

-y

The contractor commenced loading construction materials

and equipment fror their Albuguergue construction yard in

preparation for movement to the AFWL test site, Cedar City,
Utah, “The first load of eyuipmeut arrived on site January 15,
1369. Orders were placed for structural steel for AFWL models
on HANDEC I and for structural steel, structural steel decking,
subdecking and rebar for the HANDEC I and HANDEC II HEST

TN USP IO DTN 4 PG

facilities, The instrumentation trailer protective 3structure

ptructural steel used on the ROCKTEST 1 test was trucked to

o ve

3] ~ oA L ”~ 4 - P — - d - - d
ine Cedar CTity test sive. Trai ings snd plers
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were formed and grading and drillaing at the HANDEC I site was
comnenced, Detonating cord rack supports were redesigned for

botter structural support,

2. SECOND BI-WEEXKLY PROGRESS LETTER {(January 27, 1369% to
February 7, 1969)

a Contracteor Degign Services for HANDEC 11

G, -

work continued on design drawings and specifications
for BANDEC II structure,

b. Cecntractor Coustruction Services for HANDEC I and I1

Reinforcing for trailer shelter structure footinags
and plers was placed and tied, Cold weather and snow hampered
constructicn activities requiring removal of steel from the
footings and snow from excavations, Concrete (24 yards) was
heated and povred for trailler structures, Drilling, blasting

and rock removel at the HANDEC I test bed continued, The test

bed was then clearned with ccmpressed air. Inspecticn and
further direction was request.d by the contractor from AFWL
before proceeding furtner, Drilling and blesting for power
poles commenced, Another safety meeting was held on site
February 5, 1969,

3, THIRD BI-WEEKLY PROGRESS LETTER (February 8, 1969 to
February 21, 1969)

a, Contracter Design Services for HANDEC II

Frogreges continued on design drawings and specifica-
tion for the HANDEC 1I facility, The design drawing package
consigted of eleven struntural drawings and six electrical

drawings,
t, Contractor Construction Services for HANDEC I and 1I

Work continued on the trailer structure foundations

and erection of atructural gteel conmmenced., Trenches were

i N eww-ese S L
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opened and electric cables placed and backfillea, Work

continued maintaining roads and on additional access roads,

Work on the lightning protection system anc¢ lighting in this
area commenced, The Corps of Engineers commenced perimeter
driiling of the lined and unlined silos for HANDEC I, Drilling
of explosive shot holes for the HANDEC 11 test bed began,
Chemical toilets for site were completed. The distance required

to bring water to the site was neasured,

4. FOURTH BI-WEEKLY FRCGRESS LETTER (February 22, 1863 to
March 7, 1969)

a, Contractor Design Services for HANDEC Il

Mr. Howard Taylor, Consulting Civil Engineer, delivered
the preliminary submittal of design plans and specificsations
to Lt, Vercnolle, AFWL, on site March 1, 1969,

,

b, Contractor Construstion Services for HANDEC I and II

- Construction was hampered due to weather conditions
and heavy snow, but the trailer shtelter structure was completed
and construction was started on the detonating c¢ord racks in
the contractor's shop located in Cedar City, Electric work
was completed except four lighting of the metal storags building,
&Additicnal drilling and blasting was regquired due to the addi~-
tion of free field instrumentation holes for both HANDEC 1 and
HANDEC II, Structures 3, 4, 5 and 6 and free field instrumenta-
tion holes for Corps of Englaeers drilling on HANDEC 1 were
surveyed and excavation of the HANDEC 11 test bed was conpletad.
A crane was coperated for AFWL personnel photographic coverage,
Bernu were started for the trallexr sheller structure protection,

4




5. FIFTH BI-WEEKLY PROGRESS LETTER (March 8, 1963 to
March 21, 1969)

a, Contractor Design Services for HANDEC II

Work continued on the HANDEC II facility design,
Corrections on preliminary plans and specifications were
expected soon frcm AFWL, so that the final design submittal

could be made,
b, Contractor Construction Services for HANDEC I and II

Detonating cord rack and rack supports were completed
for HANDEC I and construction of racks for HANDEC II were
started, Foundations were formed, steel placed, concrete
poured and structural steel erected to complete the 40 by 100
foot metal storage building, Work was started on the trailer
shelter earth berm, Water pipe was received and installed to
provide site with construction water., Shop fabrication was
started on the instrumentation cable protective system, Guard
shucks were built and delivered to the site and a culvert under
the main access road to site was placed., A survey was made for
instrumentation trench locations on HANDEC I and the contracte:
was requested to survey and clean the ROCKTEST II test bed,
Corps of Engineers drilled instrumentation holes in lined and
unlined silos on HANDEC I for instrumentation, started center-
line drilling for instrumentation trenches, ana began drilling
silos for the HANDEC II structure,

6. SIXTH BI-WEEKLY PROGRESS LETTER (March 22, 1969 to
April 4, 1969;

a., Contractor Design Services fcr HANDEC IX

Work on final design, calculations, drawings and
specifications continued, Final design submittal target date
vas set for April 14, 1969,
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b, Contractor Construction Services for HANDE® I and 11

Work continu @ on the cleaning of the ROCKTEST IT
test bed., Reinforcing on silos ard models was placed, struc-
tures were set in place for HANDET I and the specified
concrete for structures €1 through C6 was poured, The metal
storage building was completed for occupancy by the Air Force,
Work continued on drilling and blasting for instrumentaticn
trenches on HANDEC I, Detonating cord racks were delivered
to the site while fubrication of lumber for the BANDEC 11 test
continued in the contractor's shop. Wrapping the 400 grains
per foot detonating corc on fubricated racks was started,
transformers were set to complete the first phase of the
electrical work on site and tle explosive storage berms were
cnupleted. The xevetment building materials for transformer
protection and cable junctions was received on site, A con-
tractor's crane wias used for photogiaphy of the ROCITEST II
test bed for AFWL, The Corps of Engineers started drilling
.of perimeter hcles for the AANDEC 11 structures, cable trenches
and the free field holes,

7. SEVENTH BI-WEEKLY PROGRESS LETTER {(April 5, 19369 to
April 18, 19€9)

a, Contractor Design Services for HANDEC X1

Final desiga plans, specifications cua ca. &t ion.

. ‘were submitted to AFWL on April 14, 1969. Plans -~ - ... .<ifd=
‘cations were approved ky C.uv, Philip Madden on thi, cate,

Final chronoflex drawings and specificetions were tranamitted

to AFWL on April 25, 1969,

b, Contracter Congtruction Services for HANDEC I and 131

Wrapping of detonating cord racks for AANUEC 1 was
completed. Kebar &nd dowels were

-l
wore poo
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were poured for the HANDEC I structure., Anchor bolts for
columns were drilled, s=2t and grouted, columns and beams wvere

placed and base plates were dry-packed, The instrumentation
trench concrete cap was poured to specified strength, HANDEC
IT work continued on chipping and cleaning rock from instrumen-
tation trenches, Placing and tying wall steel was begun on
HANDEC II, while detonating cord rack fabrication continued,
Lighting for metal storage building was completed and construc-
tion of revetments and earth overburden was started at eleven
locations, The ROCKTEST I activity consisted of air blowing
the rock surface of the pit for photography by the Air Force

Weapons Laboratory.

8, EIGHTH BI-WEEKLY PROGRESS LETTER (April 21, 1969 to
May 2, 1969)

a, Contractor Construction Services for HANDEC I and II

Beams for HANDEC I were removed in order to allow CERF
to place instrumentation, Structures were cleaned of dirt and
wgter caused by high winds and rain, Fabrication and installa-
tion of the hardened instrumentation cable protective system

was accomplished,

Work on HANDEC II consisted of drilling explosive holes,
loading and shooting trenches and structures., Rock removal
continued after each shot to clean trenches and silos, Deto-
n2t¢ing cord rack wrapping commenced, Rebar was tied directly
on steel shells, Structural steel arrived for HANDEC II,
Revetments were placed and constructed for the DATEX I test
firing system, AFWL moved four trailers into the trailer shel-

ter protective structure,
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9, NINTH BI-WEEKLY PROGRESS LETTER (May 5, 1969 to
May 1€, 1969)

a. Contractor Construction Services for HANDEC I and II

Contractor activities on HANDEC I consisted of
placing closures over silos with crane, conrpleting the instru-
mentation cable protective system and placing all detonating
cord racks in test bed by use of crane, All horizontal ties
for detonating cord and planewave generator details were
completed, beams, subdecking and decking completed and deck
was welded in accordance with design drawings, Berm and sur-
charge placement was commenced and revetments outside the berm

area for the DIHEST firing system were placed,

Activities for HANDEC II included drilling, shooting
and removing rock from silos which were drilled out of plumb
by the Corps of Engineers, wrapping racks and assembling them
on support racks, Rack construction was completed and racks

were covered with tarps on May 16, 1969,

10, TENTH BI-WEEKLY PROGRESS LETTER (May 17, 1969 to
May 30, 1969)

a, Contractor Construction Services for HANDEC I and II

Construction activities for HANDEC I consisted of
continuation of berm and surcharge placement, erection of
targets on surcharge, drilling of two surcharge dispersal holes,
locating and erecting two camera towers, blading observation
area for test event, and removing all equipment from site for
the HANDEC I test conducted con Thursday, May 29, 1969,

Construction continued on HANDEC II as follows:
Planewave distribution panels were assembled, instrumentation
cable protective system design was revised by AFWL, removal

of rock from all structures continued, borrow area was cleared,
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rebar and rebar nrats were placead for structures, steel liners

were welded and instrumentaticn holes located,

11, ELEVEN

7 ]

1i Bl-whEKLY PROSRESS LETTER (June 2, 1969 to . I

a, <Contractor Constructicon Services fLor HANDEC 1 and 11 :
Construction tasks were the surcharge anc berm

removal on HANDEC I, reroval of debris and clean up of test

bed on HANDEC Il caused by the HANDEC I shot, and removal of

all closures for AFWL inspection,

HANDEC II activities continued with placing dowels,
wall forrms and reinforcing steel for the exterior concrete
walls, Rebar placement on structures continued, Structures
were placed, leveled, and concrete poured for structures 13,
l4, 15, 16, 17, 18 aund 19, The instrumentation cable pro-
tective system was fabricated, A revised trenching plan was
received from AFWL and five free fleld holes were drilled to

agreater depth by the Corps of Engineers,

12, TWELFTH EBEI-WEEKLY PROGRESS LETTER (June 16, 1969 to
June 27, 1969)

a. Contractor Construction Services for HANDEC I and Il

HANDEC 1I walls were formed, reinforced, poured and
forms removed, Anchor bolts were drilled, set and groutecé for
overpressure structure columns. AFWL silos. closures and
trenches were pcured., FPCOU III test was conducted June 23, 1809
and all eguipment reroveda from site, Beams and columnsg were
placed for the surchacrge support and CERF placed instrumenta-

tion,
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13, THIRTEELTH BI-WLEKLY PRCGRESS LEITER {(June 30, 19¢9 to
July 11, 1969)

a, Contractor Construction Services for HAIDEC 1 and 11

Work continuec to chip rock to open instruientation
trenches, Column setting and Gry-packinjy continyed as c¢ic
fabrication anc installation of instrumcntation cable protec-
tive system, Contractor's crane anc personnel were usec to
help AFWL and CERF place instrumentaticn cable in protective
pipe. Closures from the HANLEC 1 test were moved to the
DATEX 11 site,

14, FOQURTEENTH BI-WEEKLY PROGRESS LETTER (July 12, 1969 to
July 25, 196%)

a, Contractor Construction Services for HARDEZ I ancd II

Activities - “ted 0L continuing work on the instru-
mentation cable pro.:_iive system, backfilling the trenches
with sand and pouring the top concrete cap., Construction of
the berm was s:arted for that portion that fell within the
ROCKTEST 11 rest bed, Detcnating cord racks were placed into
the pit with a crane and horizontal ties were made, Lightning
protection p:les were placec ana placement of beams and subdeck

commenceq,

15, FIFTEENTH BI-WEEKLY PROGRESS LETTER (July 26, 1969 to
hdugust 8, 1969)

a., cContracrtor Construction services for HANDEC 1 anc 11

Placement of subdeck and steel beams for HANDEC 11
wag comrpleted, Steel decking was welded to beams ané seams
were crirped in accordance with design drawings, Backfill was
placed around walls, surcharge and earth berms were placed and
the DIHEST bern was started after AFWL had completed placing
the DIHEST explosives.
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16, SIXIEENTH Bl-wWhivlY FRO3KE

'fl

55 LETTEK (kuzust 9, 1909 to
Aujust 22, 1969)

LAY

a., Contractor Construction Services for HARLDEC 1 and Il

constructicn for HAWDEC 11 was corpletec

6]

and all eguiprent vas re:roved frou site August 14 in prepara-
tiou for the HALDEC 11 tect event, After the test event, all
equipment was returned to the test site ana work coxmenced on
removal of HANDEC 11 surcharge, ezarth berwrs, ancd earth anc

rock which entered the KCCKETEST 11 test becd,

17, SEVENTEEN'H ANL EIGHTEERNTH BI-WEEKLY FROSRESS LETTEXR
(August 23, 1969 to Septerber 10, 19¢9)

a, Contractor Construction Services for HANDEC 1 ana Il

Bll beams, deck, subdeck, and earth surcharge vere
removed to expose the HAKDEC 11 test bed for visual observation
of test structure responses and the recovery of self-recording
instrumentation, All research models and silo closures were
retcved for inspection by AFWL and the concrete cap from 125
linear feet of cable trench was removed for inspection and gage
recovery by AFVIL,
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CUNETRUCTICIY PHCTICIRAFKS

Tnis appeniix ccntalne Figures 4 through 6z which 1s a

collection of ccnastructicn photcjraphs selectec to present

a pictorial

tion events

recorc¢ of the significant and/cr unique con_truc-

and to illustrate the prosress cf the jok.
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Figure 4, Governrent Drill Crews Line Drilling the ]

Perireter of the AFWL Lined Silo for :

HANDEC 1, Febryary 1969, .
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Figure 5, HANDEC i Rock Drilling During February 1969,

Figure 6, AFWL Unlined Silc, HANDEC I,
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FWL Lined Silo,
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‘ ¥Figure 7. Perimeter Holes Drillec for
: HIZNCEC I,
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Figure 8, Instrumentation Trailer Fiotective Structure,
February 1969,
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gure 9, Trailer Protective Structure with Earth
¥ill on Top and Earta Berms in Packground,

gure 10, Erection of 40~-Foot by 100-Fcut Fre-
FTabricated Metel Storage building.
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Figurve 12, AFWL Research Models and Closure Steel
Shells for HANDEC I,
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~  Figure 13, Cuttiny Liner Plate for lnstrumentation
Penetracion, HANDET I,

Figure 14, Ton of AFWL 3Struchture S-i, Upsidz Down for
Iastrurentation Placement, HANDET I,
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Figure 15, Top of AFWL Structure 5-2, Upside Down for Ease
of Instrumentation Installation, HANDEC I,

Figure 16. Removing Unlined Silo Closure in the HANDEC I
Test Bed, Post Test,
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Figure 17, HANDEC 1 Test Bed, Research Models and Columns,

Figure 18, CERF Installing Instrumentaticn, Contractor
Erecting Columns and Beains for HANDET X,
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Figure 19, HANDEC I Test Eed, Showirg Concrete Walls,
Beams, Columne 2nd Test Model Locations.

Figure 20. HANDET T Unlined S5ilo Showirng Instrumentation
Holes Drilled into Roch,
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Figure 23, HANDEC 1 Test Bed Showing Model lLocatlions,
Columns and Instrumentatjon Trenches,
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i t IFigure 24, HANDLEC 1 Tewst UDed Showlag Stlo Closures in Place,
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_Figure 27,

Earth Fill Between Steel Beams Frior to
Structural Steel Deck Installation, HANDEC

Figure 28.

Installation of Firing System for DIHEST,
HANDEC I.
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Figure 29, Detonating Cord Wwrapped on Wood Racks and
Supported on Wood Rack Supports for HANDEC I,

Figure 30, UDetonating Cord anc Flanewave Gererator
Listribution Panele, HANDEC 1,
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Figure 31,

Figure 32Z.

Placing Detonating Cord in Test RBed for
the HANDEC 1 Test,

Detonating Cora Flacerment Between Columns,

HARNDEZC 1,
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Figure 34,

HANDEC I Planewave Generator Distribution Panel
Horizontal Ties on Racks Shown on Right Side
of Photo,

Construction of Earth Berrt aud Surcharge
Over the HANDEC I Structure,
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Figure 35,

Figure 6,

Construction of the HEST Berm for HANDEC

HAIDEC I Test Event at Cedar CTity, May 29,
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Figure 37. HANDEC 1 after Test Event,

Figure 38, HANDEC I1 Test Bed Fjlled with Debris from
tte H2ZNDZEC 1 Test Event,
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Figure 39. Contracter Cieaning the HANDEC 1I Test Bed, !

Figure 40, Corps of Engineers Rock Drilling in the
HANDEC II Test Zed,
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Figure 41, Corps of Engineers and Contractor Drill Rigs,
HANDEC 11 Test Bed,

Figure 42. Contractor Drill Rig Drilling Rock Rellol Holewe
for Blasting Instrumentation Treushes,
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Fiyure 43. Corps of Engluoeers Fook DI 1lling HAHDEC 11
Teat Hed, March 10049,
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Tronches aud Stiucturow, [HhHUle 1L,
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Figure 45, HANLEC I1 Rock Excavation fcr Lined Silo,

Figure 46, Rock Excavation-Lined Silo, HANDLC 11,




[ I L

O L

W TN TR T © P TR Wl WP Ty e

Figure 47, HANDEC 11 Kesearch Model Showany out of level
oh Bearing Ring Received from {teel Fabricator,
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Figurs 40, HAWDEC 11 Tost Modolu, Wolded Lplico
in Beariny Riny Poceived Lrow Febricator,
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Flgure 49, Research Modely and Silo Shells, HANDEC II,

I'igure 50, Cuutracror lrepacing Lo f'lace Structures into
kock Test bed, UAHLLC 11,
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Lifting AFWL Lined Backpacked Silo Number 12
for Placement in Test Bed, HANDEC II,

Lowering Lined Backpacked S4ilo Number 12 into
Rock Excavation, HANDEC 1I,
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Jigure £3, Setting Lined Backpacked Silo Number 12 into
HANDEC II Rock Excavation, °
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. Figure 54, Final Alignment Lined Backpacked Silo Number 12,
. HALDEC 1I,
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Figure 55,

Mixing, Pumping and Placing of Backpackiny
Material Used on Silo Number 12, HANDEC IJ,

Figure 56,

Backpacking Operation Around AFWL Silc Number 12,
HANDEC 1I,
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Figure 57, Placing Detonating Cord in HAMDEC II,

Figure 58, HANDEC 11 Test Bed Prior to Plecing 5teel Beams,
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Figure 59, HANDEC II Teust Bed. Beams Placed over Detonating
Cord Prior to Erection of Subdeck and Decking.

Figure 60. HANDEC II Prior to Test Event.
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Figure o2,

DIUEST Bernm after the HANDEC II Shot,
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APPENDIX III :
: |
CONSTRUCTION DRAWINGS EANDEC I f
This appendix contains the following drawinge:
Fiqure Sheet No, Title Page
€3 Project HANDEC I 83
04 1l Test Site - Location Map 84 i
L
65 2 Index of Drawings and Test Site 85
Layout
66 3 Test Facility Layout and Trench 86
Plan
67 4 Test Structures and Detalis 87 3
Unlined Si%0 S=2 ;
68 5 Test Structures and Details 8¢ {8
Lined Silo S-1 i
! 69 6 Tegt Structures and Detailu 89 'l
$-3, $-4, $-5 aud S-6 3 B
70 7 Test Facility Foundation and 90 ] 3
Framing Plan .
71 8 Test Facility Structure Seccions 91 i
and Fointer Details
72 9 Teat Facility Sectilcons aud 92 ;
Detaills i,
73 10 Test Facility Sections acd 93 '
Details
74 11 Rock and Soil Elevations 94 ‘-
!
75 12 Rack, Rack Support Plans and 95 :
Sections :
76 13 Planewave Generator Details 96 :
. i
77 14 Detonating Cord Pack Frame 67 i

.78 15 Detonating Cora wrapping Details 98




i CONSTRUTT "N DRAWINGS HANDEC I (cent'd)
i
? Figure Shect No, Title
E 79 16 Trailer Shelter Foundation Plan
t 80 17 “railer Shelter LElevations 104
o
81 13 Traller Shelter Roof Framing 101
Flan
] 82 19 Trailer Shelter Sections aud 1y
Petails
83 20 Trailer Sheltev Secticns and 103
Details
84 21 Trailer Shelter Structvure w4
5 Sections
i 85 22 Explosive Storage bunker 105
, 86 23 Electrical Power Systemnm 106
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APPENDIX IV

CONSTRUCTION DRAWINGS HANDEC II

This appendix coutains the following drawingo:
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CONSTRUCTION DRAWINGS HANDEC II (cont'd)
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99 11 Pre-Fab Structure, Foundation

Plan, Sections and Details

100 12 Symbols and General Notes

101 13 General Site Plan

102 14 Single Line Diagrams

103 15 Trailer Area Power Plan and
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104 16 Pre-Fab Building Plan and Details

105 17 Lightning Protection Plans and
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